Most helper populations that specifically regulate immune responses are Lyt-1 + T lymphocytes specific for carrier or idiotypic determinants (1-5). These T lymphocytes perform a major role in the regulation of antigen-specific immune responses. In contrast, the role of B cells as regulators of the immune response has been less well established. There has been one report demonstrating that an Lyt-1 +, Ig + B cell subpopulation can augment the plaque-forming cell (PFC) 1 response in an Igh-restricted fashion, suggesting a regulatory role for such unique B cell subsets (6).
antibody-containing culture supernatant to the plaquing mixture at the beginning of the assay. The percent inhibition of PFC was calculated according to the formula: percentage of inhibition = experimental PFC/control PFC × 100.
Four preparations of antiidiotypic reagents specific for Npb-related idiotypic determinants were used in this study. Two antisera were obtained by hyperimmunization of a guinea pig with purified, primary C57BL/6 anti-NP antibodies as detailed elsewhere (15) . A third antiserum, kindly provided by Dr. S.-T. Ju (Harvard University, Boston, MA) was made by hyperimmunization of a guinea pig with an NP-specific B cell hybridoma (#, ~2) derived from SJL(Igh-1 b) mice (termed N hybridoma) (16) . These reagents were adsorbed with normal (C57BL/6 × DBA/2) immunoglobulin and MOPC-104E and MOPC 315 before use. All of the adsorbed antisera were shown to inhibit NP-specific responses only in mice of the Igh-1 b aliotype and failed to inhibit TNP-and/or SRBC-specific responses of C57BL/6 (Igh b) mice. In addition, all antisera lacked antiO, activity since they failed to inhibit dextran-specific PFC responses in BALB/c mice. Thus, these antisera were specific b b
for the Igh-V-linked NP idiotype-related determinants and not for constant region determinants on heavy or light immunoglobulin chains. A fourth reagent was obtained from Dr. T. Imanishi-Kari of the Massachusetts Institute of Technology. This rat monoclonal antibody was induced with monoclonal B-I-8 anti-NP hybridoma antibody (17) . b The specificity of the latter reagent was demonstrated by the ability of anti-NP idiotope to inhibit in vivo response of C57BL/6 mice to NP-FicoU but not to SRBC, and its failure to affect the PFC responses of C3H (Ighj) mice to NP-Ficoll. All of these reagents gave identical results throughout these studies. Two reagents were used independently in each experiment to determine NP b idiotype content.
Statistics.
Results were analyzed with a two-tailed Student's t test. The data presented in each table represent the averages of all independent determinations of inhibition of plaque formation with two anti-NP b idiotypic reagents. For example, data from three experiments represent statistical analyses performed on six measurements of NP h idiotype content.
Results

Loss of NP b Idiotype Expression
After Anti-Lyt-l.2 Antibody Treatment. Spleen cells from C57BL/6 mice primed 4 wk previously were treated with anti-Thy-1.2 reagents plus C to eliminate T lymphocytes. When these T cell-depleted cultures were challenged in vitro with NP-Ficoll the responder cells produced a significant NP-specific PFC response, 41% of which was inhibitable with anti-NP b idiotype reagents (Table I) . If the Thy-l.2-responder cells were further treated with anti-Lyt-l.2 antibody plus C the expression of Npb-bearing PFC was significantly reduced to 7%. The magnitude of the response was similarly reduced from 2,850 to 1,550 PFC/culture. One explanation for the preferential loss of detectable NP b idiotype-bearing PFC after anti-Lyt-l.2 antibody treatment was that a previously undefined Lyt-1.2-bearing non-T cell population was required for the expression of this B cell subset. To identify this hypothetical helper population, spleen cells from normal mice were fractionated on nylon wool columns. The adherent fraction (<3% Thy-l.2 positive by fluorescence analysis) was then treated with a combination of anti-Thy-l.2 antibodies and antiserum plus C to ensure the absence of Thy-l.2-bearing T cells. Graded numbers of nylon-adherent (B) cells or 2 × 106 nylon-nonadherent (T) cells (<1% Ig positive by fluorescence analysis) were added to NP-KLH-primed responder cells that were treated with anti-Thy-l.2 antibodies plus C and then with anti-Lyt-1.2 antibody plus C. Cultures were then challenged with NP-Ficoll and assayed 5 d later for the magnitude and NP b idiotype content of the PFC * Responder spleen cells from C57BL/6 mice immunized 4 wk previously with NP-KLH were treated with a mixture of anti-Thy-l.2 reagents plus C. Where indicated the remaining responder cells were treated with anti-Lyt-l.2 monoclonal antibody containing ascites plus C. Bn cells were obtained from unprimed mice by passage over nylon wool columns. The nylon wool adherent cells were treated with anti-Thy-1.2 reagents plus C. Graded numbers of BH or nylon-nonadherent T cells were added to 7.5 × 106 responder cells, which were then challenged with NP-Ficoll. The magnitude and NP b idiotype content of the direct NP-specific PFC response were assayed 5 d later. * Geometric mean ~ log standard error. A cross indicates a significant increase in PFC relative to Thy-l.2-, Lyt-l.2-responder cells to which no cells were added, P < 0.02. The number of experiments is indicated in parentheses. g Arithmetic mean ± standard error. An asterisk indicates a significant increase in the percent PFC inhibited with two anti-NP b idiotype reagents relative to Thy-l.2-, Lyt-l.2-responder cells to which no cells were added, P < 0.05.
response. Following addition of 2 x 106 unprimed nylon adherent, Thy-l.2-B cells (Bn) the NP b idiotype content of the response significantly increased to 41% while the magnitude similarly increased ( Surface Phenotype of the BH Population. In order to further characterize this cell population, nylon-adherent spleen cells from naive C57BL/6 mice were treated with anti-Thy-l.2 reagents plus C and either NMS, RAMG, anti-Lyb-3 antiserum, anti-I-A b, anti-Lyt-l.2 or anti-Lyt-2.2 monoclonal antibodies plus C. 2 x 108 antibody plus C treated nylon-adherent cells were added to syngeneic Thy-l.2-, Lyt-l.2-, NP-KLH-primed responder cells. The data presented in Table II confirm the significant increase in the NP b idiotype content of the PFC response of Thy-l.2-, Lyt-l.2-responder cells following reconstitution with NMS-plus-C-treated Thy-l.2-, nylon-adherent cells. Furthermore, treatment with RAMG, anti-Lyb-3 antisera, anti-I-A b antibody, or anti-Lyt-1.2 antibody plus C completely abrogated the ability of the reconstituting population to selectively increase NP b idiotype expression. Treatment with anti-Lyt-2.2 plus C did not affect the preferential increase in expression of NP b idiotype-bearing clones. As in experiments presented in Table I , the increase in NP b idiotype expression did not necessarily correlate with an increase in the magnitude of the response (Table II) . From these data we conclude that a population containing Lyt-1 +, Ig +, Lyb-3 +, Thy-l-, Lyt-2-cells preferentially helps NP b idiotypebearing B cells in the PFC response.
lgh Restriction of BH Population. Since the BH population preferentially augments the response of NP b idiotype-bearing antibody-secreting B cells, it was postulated that this cell population was specific for the NP b idiotype-related determinants and its activity might be restricted by Igh-V b genes. To test this prediction unprimed nylon-adherent, anti-Thy-l.2 antibody-plus-C-treated BH cells from C57BL/6 (Ighb), B.C-8 (Igha), or B6.Igl e (Igh n) mice were added to Thy-l.2-, Lyt-l.2-NP-KLH-primed responder cells. As shown in Table III tures. The data presented in Table IV show that addition of as few as 1-5 x 105 NP b adherent cells significantly increased the NP b idiotype expression from 10% to 48%. The NP b nonadherent fraction was depleted of this helper activity. In contrast, NP e adherent cells were unable to effect an increase in the NP b idiotype expression, while all of the helper activity was recovered in the NW antibody nonadherent fraction. These data indicate that a NP b idiotype-specific BH population present in unprimed mice preferentially increased the expression of NP b idiotype-bearing, antibody-secreting B cell clones.
Discussion
This report characterizes a lymphocyte subset that carries both B and T cell markers and is capable of preferentially augmenting the response of N P b idiotypebearing antibody-secreting B cell subsets. This helper population was detected in a system in which NP-KLH-primed B cells were responding in the absence of Thy-l.2-bearing T cells to the relatively T-independent antigen NP-Ficoll. Following treatment of NP-primed Thy-l.2-responder cells with anti-Lyt-l.2 antibody plus C the NP b idiotype level, detected by PFC inhibition with specific anti-NP b idiotype reagents, was shown to decrease significantly from 40-50% to <10%. The depletion of an Lyt-l.2-bearing helper cell population by this procedure was confirmed by experiments in which addition of unprimed nylonadherent, Thy-l.2-Lyt-1 ÷ populations resulted in the expression of NP b idiotype-bearing plaque-forming cells. Additional reconstitution experiments demonstrated that the helper population specifically reacted with monoclonal anti-I-A antibody and antiserum with activity for mouse immunoglobulin constant region and Lyb-3 determinants. Despite the expression of Lyt-1.2 determinants on the helper population, there is strong evidence arguing against the involvement of a T cell population capable of preferentially increasing the expression of a predominant idiotype as described in other systems (4, 5, 18, 19) . First, nyion-nonadherent T cells lacked NP b idiotype-specific helper activity while nylon-adherent, Thy-1.2-cells consistently increased the NP b idiotypic response. While nylon-adherent helper T cells have been previously described, such cells had phenotypes distinct from the BH cells; most notably, they expressed detectable levels of Thy-1.2 antigens (20) . Secondly, the helper cell population in the present system was lysed by treatment with RAMG or (CBA/N x BALB/c)F~ anti-BALB/c (anti-Lyb-3) antiserum plus C, suggesting the expression of Ig and Lyb-3 antigenic determinants. While it is formally possible that a T cell population low in Thy-l.2 determinants could passively acquire Ig or Lyb-3 determinants, this seems unlikely given the extreme difficulty of detecting IgC (21) or Lyb-3 (22) determinants on T cells. Finally, the helper population was shown to adhere to culture dishes coated with NP b idiotype alone. Conventional helper T cells do not generally bind to substrates in the absence of major histocompatibility complex (MHC) determinants.
In a similar fashion it appears unlikely that nylon-adherent macrophages are responsible for the selective increase in NP b idiotype expression, since the phenotyping studies would require that such a regulatory macrophage passively acquire Lyt-l.2, Lyb-3, Ig but not Lyt-2.2 determinants. Furthermore, in order to be consistent with binding specificity studies, the regulatory cell would have to selectively acquire NP b idiotype-specific receptors in situ in the unprimed donor.
The conclusion most consistent with the data is that an Ig and Lyt-1.2-bearing cell population present in the nylon-adherent fraction is responsible for expression of NP b idiotype-bearing B cell clones. Two experimental protocols indicate that this population is a regulatory cell subset that helps NP b idiotype expression and is not a Npb-bearing PFC population. First, the level of NP b idiotype expressed can be independent of the number of nylon-adherent Thy-l.2-cells added (Table I ). In addition, binding studies demonstrate that the BH cells in question are antiidiotypic (Table IV) and therefore would be unable to contribute to the response as NP-specific PFC. While the mechanism of the help provided by the Bn population is still unknown, the Igh restriction and the NP b idiotypebinding data suggest that recognition of NP-specific B cells that express NP b related idiotypic determinants is responsible for the selective augmentation of the Npb-idiotypic PFC responses.
In the experiments presented an increase in the magnitude of the response did not correlate with an increase in NP b idiotype expression. Thus, while addition of 2 × 106 BH containing nylon-adherent Thy-l.2-ceils from C57BL/ 6 mice consistently increased the magnitude and NP b idiotype content of the Thy-l.2-, Lyt-l.2-responder cells, reconstitution with nylon-nonadherent T cells, Bmdepleted nylon-adherent C57BL/6 cells, or BH from Igh congenic mice only affected the magnitude. These data indicate that selection of NP b idiotypebearing B cells is not simply a function of increased B cell proliferation. The reason for the general increase in the size of the response after reconstitution with 2 × 106 cells that did not exhibit NP b idiotype-specific helper activity is as yet unknown. However, this finding may have resulted from improved culture conditions following reconstitution with higher numbers of filler cells. Supporting this hypothesis is the finding that with the exception of 1-5 × 105 NP b idiotype-adherent Bn cells (Table IV) , fewer than 2 × 106 nylon-adherent Thy-1.2-cells did not profoundly affect the magnitude of the PFC response (Tables  I and IV) . This nonspecific augmenting activity may account for the difficulty in observing an increase in the PFC response after selective expansion of the NP bidiotypic B cell subsets.
An important finding was that the Bu population was present in normal unprimed mice. The Bn population may be stimulated by germline gene products expressed on the few NP b idiotype-bearing B cells that exist in unprimed mice. Indeed, the Bn population may select the N Pb-related idiotype-bearing clonotypes that predominate during an in vivo primary response.
Several recent reports have demonstrated that some murine B lymphocytes can express Lyt-! determinants (6, (23) (24) (25) (26) . Hayakawa et al. (23) and Manohar et al. (24) have shown through fluorescence analysis that an Ly-1 B cell population is present in normal and immunodefective mice. Braun (25) has demonstrated that long-term B lymphoblast cell lines as well as a population of normal cells (23) express Ly-1 and Ia determinants (25) . In addition, human B cell chronic lymphocytic leukemias may also express Leu-1, the human equivalent of Lyt-1 (26). In one system the functional significance of an Lyt-1 + B cell population was determined (6) . In that system, as in the NP system, the Lyt-1 +, Ig ÷, Thy-1.2-B cell population was shown to affect a hapten-specific PFC response in an allotyperestricted fashion. Nevertheless, some differences between the BH population described in this report and the B' population defined by Okumura et al. (6) should be noted. Bn cells are lysed with I region-specific antibody, while B' cells are not. While the activity of both can be shown to be Igh-restricted the Bn was detectable only by its ability to affect NP b idiotype expression, whereas the B' increased the overall magnitude of the DNP-specific PFC response. Another functional difference between these populations is that the Bn, but not the B', population is capable of functioning in the apparent absence of T helper cells. Experiments are now underway to determine whether these functional differences are a result of the use of a T-dependent antigen (DNP-KLH) in the B' system, as opposed to a relatively T-independent antigen (NP-Ficoll) in the Bn system. Despite these differences, the data obtained in both systems substantiate the hypothesis that a B cell-like subset may serve a regulatory role in the immune response.
According to the Jerne network hypothesis, immune regulation is effected by a series of idiotype-antiidiotype complementary interactions (27) . Previously it has been shown that these types of idiotype-dependent interactions are important in T cell interactions in a suppressor T cell pathway (16, 28) . More recently the presence of a distinct population of idiotype-specific suppressor T cells that directly suppress NP b idiotype-bearing B cells was demonstrated. ~ In this report we extend the concept of idiotype regulation to the NP b idiotype-specific Bn population. In addition to expanding the known boundaries of network regulatory mechanisms, the identification of the BH population suggests the possibility that this population is itself the target of regulatory signals. For example, it is possible that suppression of NP-specific PFC responses by an effector suppressor T cell factor bearing NPb-related determinants (TsF~) may be a result of interaction of this factor with NP b idiotype-specific Bn cells. The potential role of the BH population as a target or effector of immune regulation is currently under investigation.
Summary
A helper cell population with phenotypic characteristics of both B and T cells is described. This helper population, called Bn, is present in normal unprimed C57BL/6 mice and preferentially helps the expression of NP b idiotype-bearing plaque-forming B cells in the absence of T helper cells. Its surface phenotype is Lyt-l.2 +, Ig +, Lyb-3 +, Thy-l.2-, Lyt-2.2-. The helper activity of the Bn population is IgH restricted and Bn cells selectively bind NP b idiotypic determinants. Collectively the data demonstrate that this unique subpopulation can regulate the response of antibody-secreting B cells through specific recognition of idiotypic determinants.
